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Hydrologic Changes
1. What streamflow changes have occurred?
2. Factors that have contributed to changing 
streamflow patterns in Iowa
• Precipitation changes
• Land use/land cover changes
• Watershed characteristics
• Tile drainage
• Conservation practices
• Urbanization
3. Closing question
2Hydrograph Separation
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5Cedar River at Conesville – Extreme Low Flows (Duration)
High Flow Pulse (Duration)
Cedar River flow 1940-2008 – Changes in flow before and after 1973
Q at 4 USGS 
stations 
along MR 
since 1940s:
An increasing 
trend
1. Clinton, IA 2. St. Louis, MO 3. Memphis, TN 4. Vicksburg, MS
45% 31% 35% 38%
6Q at 4 USGS 
stations 
outside the 
MR basin 
since 1940s:
Constant
or 
decreasing
5.Columbia River at 
Dalles, WA
6. Rio Grande River at 
San Felipe, NM
7. Savannah River at 
Augusta, GA
8. Susquehanna River at 
Harrisburg, PA
Q, BF & OF 
in
4 tributaries 
in the MR 
basin since 
1940
9. Cedar River at Cedar 
Rapids，IA
10. Illinois River at 
Kingston Mines, IL
11. Wabash River 
at Camel, IL
12. Ohio River at 
Louisville, KY
102% 46% 9.2%35%
7Hydrologic Changes
1. What streamflow changes have occurred?
2. Factors that have contributed to changing 
streamflow patterns in Iowa
• Precipitation changes
• Land use/land cover changes
• Watershed characteristics
• Tile drainage
• Conservation practices
• Urbanization
3. Closing question
Rain days per year have increased substantially
81950-1993 Precipitation
Most of the United States experienced significant 
precipitation increase.  Diminished  Tropical 
Storms impacted Florida.
Hydrologic Changes
1. What streamflow changes have occurred?
2. Factors that have contributed to changing 
streamflow patterns in Iowa
• Precipitation changes
• Land use/land cover changes
• Watershed characteristics
• Tile drainage
• Conservation practices
• Urbanization
3. Closing question
9CULTIVATION IN THE MRB
Land Cover in Iowa around 1850
Grassland Forest
Current Land Cover in Iowa
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• In Iowa, changes in 
agricultural land use began 
around 1940 
• Soybean acreage increased 
from 1 to 11 million acres 
from 1940 to 2000
• With corresponding 
increase in corn acreage, 
row crop acreage in Iowa 
increased approximately 
30-40% from 1940-2000
How has agricultural land use changed?
Changing Agricultural Landscape
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Continental Scale: Mississippi River Basin
From Donner, 2003
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Cover Hydrologic Soil 
Group 
Land Use Treatment or Practice Hydrologic Condition A B C D 
Fallow Straight Row --- 77 86 91 94 
Poor 72 81 88 91 Straight Row 
Good 67 78 85 89 
Poor 70 79 84 88 Contoured 
Good 65 75 82 86 
Poor 66 74 80 82 
Row Crops 
Terraced 
Good 62 71 78 81 
Poor 65 76 84 88 Straight Row 
Good 63 75 83 87 
Poor 63 74 82 85 Contoured 
Good 61 73 81 84 
Poor 61 72 79 82 
Small Grain 
Terraced 
Good 59 70 78 81 
Poor 66 77 85 89 Straight Row 
Good 58 72 81 85 
Poor 64 75 83 85 Contoured 
Good 55 69 78 83 
Poor 63 73 80 83 
Close-seeded 
Legumes or Rotation 
Meadow 
Terraced 
Good 51 67 76 80 
Poor 68 79 86 89 
Fair 49 69 79 84 
Natural 
Good 39 61 74 80 
Poor 47 67 81 88 
Fair 25 59 75 83 
Pasture or Range 
Contoured 
Good 6 35 70 79 
Meadow Natural Good 30 58 71 78 
Poor 45 66 77 83 
Fair 36 60 73 79 
Woods Natural 
Good 25 55 70 77 
Farmsteads --- --- 59 74 82 86 
(dirt) --- 72 82 87 89 Roads 
(hard surface) --- 74 84 90 92 
 
Hydrologic Soil Group Descriptions:
A -- Well-drained sand and gravel; high permeability. 
B -- Moderate to well-drained; moderately fine to moderately coarse texture; moderate permeability. 
C -- Poor to moderately well-drained; moderately fine to fine texture; slow permeability. 
D -- Poorly drained, clay soils with high swelling potential, permanent high water table, claypan, or shallow soils over 
nearly impervious layer(s). 
Why does land 
cover matter?
Curve numbers provide 
one illustration of 
different runoff 
characteristics for 
various land use types
12
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Hydrologic Changes
1. What streamflow changes have occurred?
2. Factors that have contributed to changing 
streamflow patterns in Iowa
• Precipitation changes
• Land use/land cover changes
• Watershed characteristics
• Tile drainage
• Conservation practices
• Urbanization
3. Closing question
What are the major watershed 
controls on streamflow?
Schilling and Wolter, JAWRA, 2006
14
0 2 4 6 8 10 12
0
2
4
6
8
10
12
0 2 4 6 8 10 12
P
re
di
ct
ed
 V
al
ue
s
0
2
4
6
8
10
12
Measured Values
20 30 40 50 60 70 80
20
30
40
50
60
70
80
Q (in)
r2 = 0.78
p<0.01
Qb (in)
r2 = 0.89
p<0.01
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Qs (in)
r2 = 0.82
p<0.01
Qb = 0.247(RAIN) + 0.047(%SAND) + 0.063(%RC) + 0.0142(PERM) + 
0.0528(%ALLUV) – 11.2 
Qs = 0.529(RAIN) - 0.0121(PERM) - 0.045(%ALLUV) - 0.99
%Qb = 0.838(%RC) + 0.113(PERM) + 3.87(BS) - 35.7
Q = 0.645(RAIN) + 0.0607(%SAND) + 0.0519(%RC) – 16.3
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Schilling and Wolter, JAWRA, 2006
Mean 
NO3-N 
Mean Mean Load 
Ecoregion n Q (in) Qb (in) (lb/ac)
Central Irregular 82 9.8 2 3.6
Plains (40)
Northwest Iowa 58 7.8 4.4 14.8
Loess Prairie (47a)
Des Moines Lobe 179 11 6.1 20.7
(47b)
Iowan Surface (47c) 114 11.8 7.7 20.0
Loess Hills and 54 9.4 5.3 14.7
Rolling Prairies (47e)
Southern Iowa 190 10.4 4.5 12.5
Rolling Loess
Prairies (47f)
Loess Hills (47m) 3 7.0 3.8 6.7
Paleozoic Plateau 30 8.7 4.1 6.7
(52)
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Soils Requiring Tile Drainage
What are the effects of tile drainage on streamflow?
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Does tile drainage affect baseflow or stormflow 
portion of a hydrograph?
DRAINMOD simulation
•Model calibrated and validated using the observed subsurface drainage from 
experimental plots located near Gilmore City in Pocahontas County
•Webster soil (fine-loamy, mixed, superactive, mesic)
• Land cover consisted of a continuous corn rotation
•Daily precipitation and temperature obtained from a weather station located in Humboldt
Schilling and Helmers, 2008a
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Streamflow recession characteristics
Schilling and Helmers, 2008a
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Two fundamental questions:
Does flow from tile drains affect the baseflow 
or stormflow portion of a hydrograph?
How does flow from drain tiles affect streamflow 
recession after storm events?
Tile drainage primarily affects the baseflow portion 
of a hydrograph, although a stormflow signal is 
clearly detectable in tile drain hydrographs.
Master recession curves from tile-drained 
watersheds appear to be more linear than less-
tiled watersheds, although more work is needed 
to verify this. 
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Conservation practices have affected streamflow patterns
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22
time (hrs/days/weeks)
stream
height
post-development
pre-development
Impervious surfaces impact the natural patterns of flow: 
frequency and magnitude of floods
summer droughts (due to lower baseflow)
15% impervious
surface
Credit: http://www.nrcs.usda.gov/technical/stream_restoration/chap30002.html
23
Hydrologic Alteration from Urbanization 
(Ex. Walnut Creek watershed (78 sq mi), 
Polk-Dallas Counties)
Closing question: how well are we 
monitoring the hydrologic cycle?
• Precipitation and weather coverage?
• Streamflow?
• Other hydrologic components?
What can we do to improve detection of hydrologic 
impacts and potential long-term hydrologic changes?
24
Land Surface Temperature – daily Modis
Real-time MOSAIC model Total Soil Column Wetness
Near real-time Nexrad – base reflectivity
Norm Veg Difference Index – daily  Modis
Future Real-time Data Services
Future GIS Infrastructure - data 
distribution
• Make collected data sets and metadata available as online
Soil Moisture
(NASA
LDAS model)
Nexrad
(via IEM)Stream
Gages 
(via Iowa
Rivers Info
System)
25
well water levels
stream gage levels
snow cover from
MODIS and 
AMSR-E
weather observations
from ground networks
NEXRAD
land cover
from Landsat
and MODIS
surface reflectance
and land surface
temperature
from satellite
Soil moisture
conditions
Evapo-
transpiration
What about other aspects of the hydrologic cycle?
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Iowa Natural Heritage Foundation
Flood Resilience
Leopold Center For Sustainable Agriculture
Center for Energy & Environmental Education 
December 8, 2008
Iowa Natural Heritage Foundation
Mission
Protect Iowa’s land, water and wildlife
for today …tomorrow…forever
Iowa Natural Heritage Foundation
Iowa Natural Heritage Foundation
1978
State of Iowa Water Plan
1999
+ 1970’s Basin Studies
1999
Iowa Natural Heritage Foundation
1981
Iowa Natural Heritage Foundation
Levee District  8
Iowa Natural Heritage Foundation
Iowa Natural Heritage Foundation
Iowa Natural Heritage Foundation
Levee District #8
Louisa County
• 13 landowners
• 2918 acres
• Contained - Drainage District 22
• 1982 acres row crop
• 936 timber, wetlands
• Levee had broken 17 times since 1910
• Cost to restore/repair in 1993 - $3.1 m
• Societal costs inc. future repairs - $4.9 m
• Acquired $2.2 m
• Savings to Federal Govt - $2.7 m
Iowa Natural Heritage Foundation
Landowners
Natural Resource Conservation Service
US Fish & Wildlilfe Service
Iowa Department of Natural Resources
Corps of Engineers
FEMA/Iowa Disaster Mgmt Dvsn
Iowa Natural Heritage Foundation
National Fish & Wildlife Foundation
The Conservation Fund
Pheasants Forever
LD8 Partners
Iowa Natural Heritage Foundation
Iowa Natural Heritage Foundation
Iowa Natural Heritage Foundation
Emergency Watershed Applicants
Iowa Natural Heritage Foundation
NRCS needs assessment (9/30/08):
$346 million for repairs and floodplain
conservation easements
650 landowners submitted 62,000 acres! 
72,000 acres nationally (Iowa 86%)
Iowa funds received $21 million for 4,666 
acres
Source:  Iowa NRCS
EWP Landowner Applications
In Iowa
Total CRP Acres in Iowa
2002  1,865,000
2007  1,427,000
Stream Buffer Acres in CRP 
2002  321,000
2007  316,000
Farmed Wetlands Acres
2002  19,000
2007  72,000
Source:  Iowa NRCS
Temporary Land Protection In Iowa
Iowa Natural Heritage Foundation
WRP/EWP  
2008 137,000 Acres
FRPP 
2008  3,000 Acres
Source:  Iowa NRCS
Permanent Land Protection In Iowa
Approximately $260,000,000 per year!
One-quarter BILLION per year
Source:  Iowa NRCS
NRCS Conservation Programs
In Iowa
Iowa Natural Heritage Foundation
• Floodplain and Floodway Mapping
• Insurance Based On True True Risk
• Coordinated Flood Mitigation &
Infrastructure Protection
• Effective Floodplain and Watershed Mgmt
• Permanent Land Use Change
• Permanent Stream Conservation Buffers
• Ongoing Active Mitigation and Buyouts
• Standing Bond Authority for Buyouts
POLITICAL WILL
NEEDS
Landowner Incentives & Disincentives
• SWCD/NRCS/DNR/NGO Tech Assist
• Enhanced Federal Conservation 
Easement Tax Deductions
• Iowa Conservation Tax Credit
• Water Quality State Revolving Fund
• Ag Land Tax Credit = Conservation
• Conservation Compliance Verification
NO CONSERVATION = NO DOLLARS
(Urban & Rural)
Iowa Natural Heritage Foundation
IOWA
NATURAL HERITAGE
FOUNDATION
FOR THOSE WHO FOLLOW
www.inhf.org
1Historical Conditions
Dredging of the Skunk River Bottoms South of Ames
Farwell T. Brown Photographic Archive
“But the terror of the traveler far and near was Skunk Bottom”
Col. John Scott, 1888
As recorded in History of Story County, W.O. Payne, 1911
Hydrologic Alterations – Bear Creek Watershed
2Meander Polygons
Class
meander
meander cut
straight
other
Meander soils
1930 channel line
2002 channel line400
Meters ´
Hydrologic Alterations – Tipton Creek Watershed
Data from Tomer et al. 
USDA-ARS NSTL
Changes in stream sinuosity
Hydrologic Alterations – Tipton Creek Watershed
• Fraction of stream movement polygons due to straightening = 52%
• Represents a loss of channel storage of 76 acre-feet [225 acre-feet for
all three watersheds studied – approximately 1 acre-foot per 1000
acres of watershed]
Tipton Cr.
y = 0.69x0.13
R2 = 0.98
y = 0.67x0.18
R2 = 0.99
1
1.2
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1.8
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Data from Tomer et al. USDA-ARS NSTL
3Hydrologic Alterations – Squaw Creek Watershed
Data from Wagner and Gobster - 2007
• Compared stream channel length at four periods
• Sinuosity decreased from 1.41 to 1.22 between 1939 – 1958
• However, there was an increase in stream channel length of 37 km
over the same period due to channel extension in the headwaters
• Net change from 1939 to 1998 was an increase of 32 km, with
significant inter-period variability [segment lengths added or removed]
4Drainage 
Districts
Drainage 
Districts
Levee 
Districts
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Drainage 
Districts
Levee 
Districts Dams
Channelized 
Streams
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Heavy lines indicate major channel straightening in the past.  New projects
approved by the Iowa Natural Resources Council are designated by circles,
Channel Straightening and Levee Projects in Iowa
where C = channel change and L = levee construction.
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Historical Alterations of Stream Discharge 
Patterns in Agricultural Ecosystems
After Menzel, 1983
7River Attributes 
After Trush et al. 2000
1. Each annual hydrograph component 
accomplishes specific geomorphic and ecological 
functions
2. Fine and coarse sediment budgets are balanced
3. Alluvial channels are free to migrate
4. Flood plains are frequently inundated
5. Large floods create and maintain a complex 
mainstem and flood plain morphology
6. Diverse riparian plant communities are sustained 
by the natural occurrence of annual hydrograph 
components
Hydrologic Alterations – Watershed Response
8Hydrologic Alterations – Watershed Response
Channelization Increases Stream Slope
A
B
C
D
C
D
Hydrologic Alterations – Watershed Response
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B
C
D
Horizontal Distance Along Stream
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9• Channelization
– Upstream – steeper slope, 
higher velocity, 
headcutting, unstable 
banks
– Downstream – deposition, 
reduced channel capacity, 
increased flood stage
– Realigned reach –
meander development
Hydrologic Alterations – Watershed Response
181930s 1990s 2007
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Changes Affecting Relative Flood Height – Legacy Sediments
Pre-Row Crop Floodplain
Post-Row Crop Floodplain
Changes Affecting Relative Flood Height – Legacy Sediments
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Changes Affecting Relative Flood Height  - Levees 
 Stages of Peak Discharge Compared to Pre-1927 for   
 Three Stations on the Mississippi River 
____________________________________________________________  
Station Year Stage (ft) Pre-1927 Difference (ft) 
 Stage (ft) 
____________________________________________________________  
St Louis, MO 1993 49 39 10 
 1973 43 35 8 
 1982 39 34 5 
 
Chester, IL 1993 49 33 16 
 1973 43 32 11 
 1982 41 31 10 
 
Keokuk, IA 1993 27 23 4 
 
Leopold 1995
Wetlands and Flood Attenuation 
• “Wetlands function as natural sponges that trap and slowly release 
surface water, rain, snow melt, groundwater and flood waters.”
• The location of wetlands (their position on the landscape), their shape 
(geomorphology), their vegetation, soils, and hydrology all play
important roles in determining the functions of individual wetlands.
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Wetlands and Flood Attenuation 
• “Though the theory of flood peak reduction is clear, the amount and 
importance of such action under present conditions of flood plain use 
have not been evaluated.  A detailed evaluation is long overdue.”
• “But crisis offers an advantage in that wide attention is attracted to a 
problem even if its underlying causes are clouded by the immediacy 
of pressure.”
Leopold 1995
Wetlands and Flood Attenuation 
 Indicators of early storage surfaces and wetland storage potential 
 in the Upper Mississippi River and Missouri River basins. 
 
 Water surface area % of 
 (millions of acres) Watershed 
__________________________________________________________  
 Early Storage Surfaces  
  Hydric Soils (1940) 41 8.9 
  Wetlands (1780) 45 9.8 
  Beaver Ponds (1600) 51 11 
 Wetlands 
  Existing (1980) 19 4 
  Restorable 13 3 
  Total 32 7 
Hey and Philippi, 1995
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Re-meander stream
Construct Wetlands
Wetlands and Flood Attenuation – Illinois Example 
Rowcrops with drainage ditches are now the main land use
East 
Tributary
Wetlands and Flood Attenuation – Illinois Example 
West 
Tributary
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Wetlands and Flood Attenuation – Illinois Example 
 
 Jan-08 Sep-08 Difference 
East Tributary 
 Peak Elevation (ft) 800.99 800.94  
 Peak Discharge (cfs) 792 792 no change 
 
West Tributary 
 Peak Elevation (ft) 805.29 805.41 
 Peak Discharge (cfs) 564 588 ↑4%  
 
Downstream 
 Peak Elevation (ft) 796.07 795.35 ↓0.72 ft 
 Peak Discharge (cfs) 1845 1370 ↓25% 
Preliminary Data from USGS
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A Reverence for Rivers
• A philosophy of water management must pay heed 
to the fact that the hydrologic system is a highly 
interconnected plumbing system
• Changes made in one part of the system have 
influences downstream
• To test whether the system is operating 
satisfactorily by economic and legal criteria will 
not guarantee its continued health
• The maintenance of this balance is not only to the 
advantage of human organization, but should be 
the object of our wonder and our admiration
• The desire to preserve this harmony must be 
incorporated into any philosophy of water 
management, and is called “a reverence for rivers”
Leopold, 1977
Skunk River at 13th Street Skunk River at 13th Street
Squaw Creek near ISU CenterSquaw Creek at Lincoln Way
Flooding in Ames - 1918
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River Systems
Tom Isenhart
Iowa State University
Department of Natural Resource Ecology and Management
Learning from the Floods of 2008 - Practical Strategies for Resilience 
December 8, 2008
Pre-settlement soil surf
ace
Post-settlement
alluvium
Changes Affecting Relative Flood Height – Legacy Sediments
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Hydrologic Alterations – Wetland Drainage
